Abstract." A new mesophilic, thermotolerant sulfate-reducing bacterium, was isolated from the flowing bore waters of a deep aquifer, the Great Artesian Basin, Australia. The strain, designated isolate AB16910a, is a curved rod and resembled members of the genus Desulfovibrio. However, the isolate can be differentiated from other members of the Desulfovibrio species because of the high G+ C content of 69+0.25% the 16S rRNA sequence data and other physiological characteristics. The name Desulfoeibrio longreachii is proposed for the new isolate.
Introduction
Ground waters are an important source of agricultural, industrial and domestic water in outback Australia. Compared to surface waters, however, ground waters have received little attention regarding microbial populations and their activities, probably due to the inaccessibility of ground waters and the great difficulty in obtaining uncontaminated samples. In particular, the microbiology of deep aquifers, not associated with petroleum formations, has been scantily studied. Australia has such a deep aquifer, known as the 34 istics of a new sulfate-reducing bacteria (SRB), Desulfovibrio longreachii, isolated from the Great Artesian Basin.
Materials and Methods

Sample source
Water samples were collected directly from the source of a flowing bore located in the Longreach district of Queensland (registered number 16910). The bore had a depth of 400 meters, a flow rate of 2064 m3/day, and a temperature of 44°C. The bore casing and head works showed signs of extensive corrosion. The data on the chemical composition of the bore waters and bore depth were obtained from the Queensland Water Resources Division, Brisbane, Queensland.
Enrichment, isolation and culturing
Enrichment cultures and routine culturing of Artesian Basin sulfate-reducing bacteria were done in medium G [3] . Medium G was prepared essentially as described previously but without NaHCO 3. After autoclaving, the medium for 5 min to remove oxygen, the medium was transferred to a dispensing jar (Oxford Ltd., UK) and cooled under a steady flow of oxygen-free nitrogen, NaHCO 3 added, the pH adjusted to 7.2 and 10 ml dispensed into Hungate tubes (10 ml) or 50 ml dispensed into serum bottles under oxygenfree-nitrogen [4] . All enrichment cultures of sulfate-reducing bacteria were initiated by adding 1 ml of the sample to 10 ml of medium G followed by incubation at 37°C and 43°C. Isolation of pure cultures was achieved by repeated serial dilution in 2.5% medium C agar shakes [3] .
Characterization studies
Medium G was used for studying pH and temperature optima. Nutritional characterization was achieved using lactate-free medium G by the addition of carbon sources from neutral pH sterile stock solutions to give a final concentration of 10 mM. Growth was determined by measuring Table 1 Characteristics of isolate AB16910a, Desulfot'ibrio culgaris [12] and Desulfot,ibrio desulfuricans [13] All substrates were tested at a concentration of 10 mM. V = variable, strain-dependent. NR = not reported.
turbidity at 480 nm. Microscopy (light and electron) was performed essentially as described previously [5] . The desulfoviridin test was performed as described [3] . DNA was purified using Martour's method and the G + C content measured as described previously [5] . DNA from the reference strain Escherichia coli (ACM 1803) was used as standard for G + C calculations. A Shimadzu GC14 equipped with a flame ionization detector was used to determine acetate formed from lactate fermentation. Acetate was separated on Chromsorb 101 (80/100 mesh) column using nitrogen as the carrier at 12.5 ml/min with hydrogen and air at flow rates of 18 and 250 ml/min respectively as the flame gases. The oven temperature and the injector temperature were kept at 180°C and 200°C respectively.
Studies on 16S rRNA gene
Amplification, cloning and sequencing of the 165 rRNA gene was performed using purified DNA essentially as described [5] . The sequence so determined was aligned with the sequences of 165 rRNA of other Desulfovibrio species extracted from the ribosomal RNA database [6] and from EMBL (Table 1) using the sequence editor, ae2, developed for the RDP project [6] . Positions of sequence and alignment uncertainities were omitted from the analysis. Pairwise distances were calculated using a modification of the method of Jukes and Cantor as described by Olsen [7] . Dendograms were constructed from evolutionary distance matrices by using the algorithm of De Soete 35 [8] . Tree topology was examined using bootstrap analysis and performed using programs that form part of the PHYLIP package [9] . The nucleotide sequence (1569 nucleotides) of Desulfovibrio longreachii 16S rRNA gene has been deposited with EMBL under accession number Z24450.
Results and Discussion
Enrichment and isolation
Enrichments from the water sample inoculated in medium C and incubated at 37°C and 43°C were positive as indicated by the blackening of the medium within 48 h. A pure culture was obtained from medium C agar shakes and designated isolate AB16910a.
Characteristics
Cells of isolate AB16910a were vibroid occurring singly, or in chains of up to four cells (Fig.  la) . The cells were actively motile and electron microscopy of negatively stained cells revealed the presence of a single polar flagellum. Cells stained Gram-negative during all phases of growth and electron microscopy of sectioned cells revealed a typical Gram-negative cell wall (Fig. lb) . Endospores were never observed.
Growth conditions and nutrition
The temperature range and pH range for growth of isolate AB16910a was 20-48°C (with no growth occurring at 55°C) and 5.5-8.5, respec- 
16S rRNA sequence analysis
Using 12 primers [5] , an almost complete sequence (98%) consisting of 1569 bases of the amplified and cloned 16S rRNA gene of isolate 16910a was determined. The sequence which covered positions 31 to 1542 (according to the nomenclature of Weisburg et al., 1991 [10] ) had 65 signatures which indicated that it was a member of domain Bacteria [11] . The sequence signatures indicated that isolate AB16910a was a member of sulfate-reducers in the delta subdivision of the proteobacteria (purple bacteria) [12] . The sequence of isolate AB16910a was therefore aligned and compared to the 16S rRNA of various members of the sulfate-reducers in delta subdivision ( Table 2 ). Several phylogenetic trees were generated by changing the composition of reference organisms. All trees generated appeared similar in topology and a tree generated using De Soete algorithm [8] is shown in Fig. 2 .
Isolate AB16910a is clearly closely related to the unnamed and partially characterized sulfatereducer that has been isolated from biofilm cultures and D. r, ulgaris [14] and has an overall similarity value of 98.5% and 95.5% respectively ( Table 1) . The other nearest relatives were D. pigra and D. desulfuricans (ATCC 27774) with a similarity value of 92.5% and 93%. The relationship of the 5 members of this group is robust as Table 2 Sequence similarity matrix amongst Desulfot,ibrio species using the distance correction method of Jukes and Cantor described by The 16S rRNA sequence of Desulfovibrio species [14] was obtained from GenBank, Release 76 (accession number M80618) and D. longus from EMBL (accession number X63623). The sequence of D. longreachii (isolate AB16910a) has been submitted to EMBL (accession number Z24450). All other sequences used in the analysis are from the RDP project database [6] . 1251 unambiguous sequences were used for the analysis. Table 2 ) by the method of De Soete [8] .
indicated by the confidence levels from bootstrap analysis (96 to 100% The temperature range is 20-48°C with maximum below 55°C; optimum growth occurs at 37°C. Reduces sulfate to produce sulfide in presence of lactate and pyruvate. Growth on pyruvate and fumarate without sulfate. Desulfoviridin is present. The G + C content is 69_+ 0.25% mol%. 
